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While the clinical manifestations of elevated blood pressure (BP) occur predominantly in adults, the antecedents of chronic diseases (obesity, diabetes, atherosclerotic heart disease, and stroke) begin in childhood. Hence, the contemporary approach to halting the epidemic of cardiovascular disease (CVD) emphasizes prevention of risk factors, ideally beginning very early in life among children.[1](#jch12615-bib-0001){ref-type="ref"} Although prevention‐oriented strategies are often tested in studies conducted in adults, interventions aimed at reducing BP over the lifespan are likely to have a greater impact if started early in childhood when eating habits are formed and before asymptomatic, preclinical abnormalities begin.

Currently, efforts are underway to weaken nutrition standards for school food programs, including efforts to repeal targets for sodium. This paper reviews evidence documenting the benefits of strategies that lower sodium intake in children and documenting that proposed reductions in sodium are both feasible and acceptable.

The Current Political Landscape {#jch12615-sec-0002}
===============================

Through two major programs (the School Breakfast Program[2](#jch12615-bib-0002){ref-type="ref"} and the National School Lunch Program[3](#jch12615-bib-0003){ref-type="ref"}), federal nutrition standards have a broad impact on the food served to children. Each school day, these programs serve more than 12 million and 31 million children, respectively. These programs are currently operating under the Healthy, Hunger‐Free Kids Act (HHFKA).[4](#jch12615-bib-0004){ref-type="ref"} Passed in 2010, the Act marked the first time in a generation that nutrition standards for foods in schools were updated to reflect the latest nutrition science.

Because children who eat school meals can consume 50% or more of their daily calories at school,[5](#jch12615-bib-0005){ref-type="ref"} it is important that foods available in schools meet nutrient requirements and promote the development of life‐long healthy eating habits. The nutrition standards in the HHFKA limit calories, saturated and *trans* fats, and added sugars while increasing fruits and vegetables and substituting whole grains for refined grains. The Act also includes sodium targets and set out a 12‐year timeline for lowering sodium over three phases, based on recommendations from the Institute of Medicine (IOM) ([Table](#jch12615-tbl-0001){ref-type="table-wrap"}).[5](#jch12615-bib-0005){ref-type="ref"} The planned reductions would lower the baseline sodium levels of approximately 1300 mg to 1500 mg per lunch[6](#jch12615-bib-0006){ref-type="ref"} to levels consistent with the Dietary Guidelines for Americans.

###### 

Timelines for Sodium Reduction in School Lunch and Breakfast

  Lunch Sodium Reduction Timeline   Breakfast Sodium Reduction Timeline                                        
  --------------------------------- ------------------------------------- ------- ------ ------- ------ ------ ------
  K--5                              ≤1230                                 ≤935    ≤640   K--5    ≤540   ≤485   ≤430
  6--8                              ≤1360                                 ≤1035   ≤710   6--8    ≤600   ≤535   ≤470
  9--12                             ≤1420                                 ≤1080   ≤740   9--12   ≤640   ≤570   ≤500
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The phased reductions are projected to reduce the sodium content of school meals by approximately 25% to 50% by 2022. It is also projected that sodium intake among US school‐aged children (defined as ages 6--18) will be reduced by an average of about 75 mg to 150 mg per day and about 220 mg to 440 mg on days children consume school meals.[7](#jch12615-bib-0007){ref-type="ref"}

The School Nutrition Association has voiced concerns that school food services will have difficulty in procuring foods that meet the sodium standards. As a result, Congress included a provision in a December 2014 omnibus spending bill that stated "sodium standards cannot be reduced below Target 1 until the latest scientific research establishes the reduction is beneficial for children."[8](#jch12615-bib-0008){ref-type="ref"} Ongoing efforts by some stakeholders and their representatives in Congress are attempting to weaken the sodium standards, with some calling for their complete elimination. However, the concern about difficulty in procuring foods that meet the sodium targets is not consistent with the USDA\'s May announcement that 95% of schools are in compliance with the new nutrition standards.[9](#jch12615-bib-0009){ref-type="ref"} Furthermore, in a national survey of food service administrators and staff, 70% of respondents reported that students like the new lunches.[10](#jch12615-bib-0010){ref-type="ref"}

By early 2016, the federal child nutrition programs will be reauthorized, including school meal programs. Evidence from a broad array of strong scientific studies supports the current recommendations for sodium reduction in the HHFKA.

Scientific Issues Related to BP and Sodium Intake in Children {#jch12615-sec-0003}
=============================================================

Epidemiology of Elevated BP {#jch12615-sec-0004}
---------------------------

At birth, BP is low (approximately 60/40 mm Hg) and increases steadily in virtually all children until adolescence (Figure [1](#jch12615-fig-0001){ref-type="fig"}).[11](#jch12615-bib-0011){ref-type="ref"} The rise in BP with age is similar in boys and girls, until early adolescence when the rise in systolic BP is significantly faster in boys than the corresponding rise in girls. It is important to emphasize that the overall average rate of rise in BP (\~1.9 mm Hg per year in boys and \~1.5 mm Hg per year in girls), while usual, may not be normal. Because of the age‐related rise in BP in children and subsequently in adults, 90% of US adults will develop hypertension over their lifetime.[12](#jch12615-bib-0012){ref-type="ref"}

![Mean systolic and diastolic blood pressure (BP) in US children (50th percentile for height), ages 1 to 17 years.[11](#jch12615-bib-0011){ref-type="ref"}](JCH-17-657-g001){#jch12615-fig-0001}

Adverse clinical outcomes from elevated BP rarely occur in children or adolescents, but there is considerable evidence to support an association between higher levels of BP in children and BP‐related CVD in adults. First, childhood BP tracks into adulthood, with reported tracking correlations of 0.38 for systolic BP and 0.28 for diastolic BP.[13](#jch12615-bib-0013){ref-type="ref"} Moreover, BP tracking has been shown to occur in concert with tracking of lipids and BMI[14](#jch12615-bib-0014){ref-type="ref"} magnifying the potential adverse impact of childhood BP on development of CVD.

Second, BP levels are associated with subclinical CVD during childhood. BP is strongly associated with carotid intimal‐medial thickness,[15](#jch12615-bib-0015){ref-type="ref"}, [16](#jch12615-bib-0016){ref-type="ref"} pulse wave velocity,[17](#jch12615-bib-0017){ref-type="ref"} and left ventricular mass index[16](#jch12615-bib-0016){ref-type="ref"}, [18](#jch12615-bib-0018){ref-type="ref"} in adolescents. Importantly, there is direct longitudinal evidence that elevated BP in adolescents predicts pathologic changes associated with CVD. Both the Bogalusa Heart Study[19](#jch12615-bib-0019){ref-type="ref"} and the Pathobiologic Determinants of Atherosclerosis in Youth Study (PDAY)[20](#jch12615-bib-0020){ref-type="ref"} documented a significant association between degree of atherosclerosis in the coronary arteries and levels of ante‐mortem BP in youth who died during adolescence.

Third, childhood BP has been associated with a variety of subclinical cardiovascular findings in adults. Systolic BP in children, as early as age 6 years and continuing through age 18 years, is associated with carotid intima‐media thickness at age 33 to 42 years[21](#jch12615-bib-0021){ref-type="ref"}; elevated BP at age 10 has predicted pulse wave velocity at age 40[22](#jch12615-bib-0022){ref-type="ref"}; and childhood BP has been reported to be a significant independent predictor of coronary artery calcification.[23](#jch12615-bib-0023){ref-type="ref"}, [24](#jch12615-bib-0024){ref-type="ref"} In contrast, in those adults with elevated BP during childhood but reduced BP in adulthood, carotid intima‐media thickness is not significantly different from levels found in individuals who never had elevated BP.[25](#jch12615-bib-0025){ref-type="ref"} These data support the introduction of intervention strategies early in life to maintain normal BP.

Relationship of Sodium Intake and BP in Children {#jch12615-sec-0005}
------------------------------------------------

Reduced sodium intake lowers BP in children. A meta‐analysis of 13 dietary trials in children (three trials in infants and 10 in older children) confirmed that modest reductions in sodium intake are associated with a reduction in BP.[26](#jch12615-bib-0026){ref-type="ref"} The adverse effect of sodium on BP begins at birth. A widening gap in BP between infants fed a low‐sodium formula and infants fed a regular‐sodium formula was observed during the first 6 months of life in a trial conducted in the Netherlands, with significantly lower mean BP measured in the low‐sodium group at the end of the trial.[27](#jch12615-bib-0027){ref-type="ref"} Moreover, when these infants were restudied at 15 years of age, the group formerly on the low‐sodium diet during infancy continued to have a significantly lower BP than the regular‐formula control group, despite having been on a regular diet from age 6 months.[28](#jch12615-bib-0028){ref-type="ref"} Thus, reducing sodium intake early in life may have a "programming" effect on future BP levels.

Studies in school children have used a variety of methods to test the sodium‐BP relationship. In the 2‐year Exeter‐Andover Project,[29](#jch12615-bib-0029){ref-type="ref"} it was possible to significantly reduce sodium by controlling the amount used in food preparation for students relying on the school for their meals. The result was a significant reduction in sodium intake in association with a significant reduction in BP. In a more recent school intervention study in China, grade school students and their families were trained to reduce sodium intake in their homes. Although sodium intake decreased significantly in comparison to a control group on a regular diet, the level of reduction did not have a significant impact on BP.[30](#jch12615-bib-0030){ref-type="ref"} A 3‐year trial in adolescents and their parents used an intensive education and reinforcement‐maintenance program to reduce dietary sodium in a free‐living population.[31](#jch12615-bib-0031){ref-type="ref"} Despite personal counseling every 3 months and frequent phone counseling, the adolescent boys did not have a significant reduction in sodium intake or BP. In contrast, the girls were able to maintain reduced sodium intake compared with baseline and had a significant reduction in BP.

These data from studies in children suggest a variety of approaches to interrupting the ongoing high prevalence of hypertension and BP‐related CVD. The findings that higher levels of BP are associated with subclinical target organ damage as early as childhood, track into adulthood, and predict subclinical target organ damage in adults strongly support the need to develop and implement strategies for reducing sodium intake in the first 2 decades of life. The relationship of decreased sodium intake to decreased BP in children suggests that an effective method for reducing dietary sodium may have a significant impact on lifetime reduction of BP and its adverse effects on morbidity and mortality. Further, there is evidence that sodium reduction may be particularly effective in overweight children.[32](#jch12615-bib-0032){ref-type="ref"}

Sodium Intake Recommendations Made by Authoritative Bodies {#jch12615-sec-0006}
==========================================================

Dietary Reference Intakes for Sodium From the IOM {#jch12615-sec-0007}
-------------------------------------------------

Recommended sodium intakes vary by age. For sodium, the IOM set the upper level (maximum intake) at 1500 mg/d, 1900 mg/d, 2200 mg/d, and 2300 mg/d for ages 1 to 3 years, 4 to 8 years, 9 to 13 years, and 14 to 18 years, respectively.[33](#jch12615-bib-0033){ref-type="ref"}

2010 Dietary Guidelines for Americans and 2010 Dietary Guidelines Advisory Committee Report {#jch12615-sec-0008}
-------------------------------------------------------------------------------------------

The 2010 Dietary Guidelines for Americans recommended a target sodium level of 2300 mg/d for the general population and 1500 mg for persons who are 51 years and older and those of any age who are African American or have hypertension, diabetes, or chronic kidney disease.[34](#jch12615-bib-0034){ref-type="ref"} It was estimated that the 1500‐mg recommendation applies to about half of the US population, including children.[35](#jch12615-bib-0035){ref-type="ref"} Although no specific targets for sodium intake in infants and children were specified, the 2010 Dietary Guidelines Advisory Committee report noted that sodium intake in infants and children is of concern because BP during childhood tracks over time and elevated BP in childhood results in significant cardiovascular dysfunction and pathology both earlier and later in life. The committee emphasized that taste preferences for salt, the major source of sodium in the diet, are established early and shaped by dietary exposure.

2015 Dietary Guidelines Advisory Committee Report {#jch12615-sec-0009}
-------------------------------------------------

The 2015 Dietary Guidelines Advisory Committee did not directly address the issue of sodium intake for children. Rather, the 2015 report identified sodium as a nutrient overconsumed relative to the upper level of dietary reference intakes.[36](#jch12615-bib-0036){ref-type="ref"} They recommended a goal for the general population of \<2300 mg dietary sodium per day or age‐appropriate upper levels set by the IOM.[33](#jch12615-bib-0033){ref-type="ref"} The committee noted that sodium is ubiquitous in the food supply and for this reason suggested that to decrease intake toward recommended levels concerted efforts will be needed to reduce levels in commercially prepared and processed foods and encourage more food preparation at home, specifically using less salt. Finally, it was noted that more than any other nutrient, sodium intake undermines the Healthy Eating Index for children.

What Children are Eating Now {#jch12615-sec-0010}
============================

The majority of the US population aged 1 year and older exceeds sodium intake recommendations, including more than 90% of children aged 4 to 18 years. In terms of absolute intake, mean sodium intakes were 191 mg/d for infants up to 6 months and 518 mg/d for those 6 to 12 months and 1709 mg/d for toddlers 1 to 2 years.[37](#jch12615-bib-0037){ref-type="ref"} Figure [2](#jch12615-fig-0002){ref-type="fig"} displays average sodium intake in older children and adolescents, which is remarkably similar to the high levels of intake in adults.[38](#jch12615-bib-0038){ref-type="ref"} On average, children aged 2 to 19 years consume more than 3100 mg of sodium per day, with substantially greater sodium intakes in boys than girls. The mean sodium intake in boys, \>4000 mg/d at ages 12 to 19 years, is particularly striking. This high intake, in part, reflects greater mean energy consumption in boys than girls.[39](#jch12615-bib-0039){ref-type="ref"}

![Mean sodium intake in US children by age group.[51](#jch12615-bib-0051){ref-type="ref"}](JCH-17-657-g002){#jch12615-fig-0002}

Dietary Sources {#jch12615-sec-0011}
---------------

Top contributors to sodium intake for birth through 2 years include formula (72%), human milk (23%), and commercial baby foods (2%). Store foods contributed 83% to 90% of sodium in this age group. For children aged 2 to 5 years, the top 10 sources of sodium include (in order) breads and rolls, poultry, frankfurters and sausages, soups, pizza, whole and reduced‐fat milk, cheese, pasta mixed dishes, ready‐to‐eat cereal, and sandwiches.[40](#jch12615-bib-0040){ref-type="ref"} Close to half (43%) of sodium in school‐aged (6--18 years) children\'s diets came from 10 similar food categories: pizza, bread and rolls, cold cuts/cured meats, savory snacks, sandwiches, cheese, chicken patties/nuggets/tenders, pasta mixed dishes, Mexican mixed dishes, and soups. The top six sources are illustrated in an American Heart Association infographic for children.[41](#jch12615-bib-0041){ref-type="ref"}

Among school‐aged children, an average of 83% of sodium came from grocery store and restaurant foods (65% from store foods, 13% from fast‐food/pizza restaurants, and 5% from other restaurants) and 9% from school cafeteria foods. By meal, children aged 6 to 18 years consume about 15% of their daily sodium at breakfast, 30% at lunch, 39% at dinner, and 16% at snack time.[7](#jch12615-bib-0007){ref-type="ref"}

Acceptability of Reduced Sodium Foods {#jch12615-sec-0012}
=====================================

The development of flavor preferences appears to begin in utero and is presumably influenced by maternal diet; further food preferences initiated in childhood persist long‐term.[42](#jch12615-bib-0042){ref-type="ref"}, [43](#jch12615-bib-0043){ref-type="ref"}, [44](#jch12615-bib-0044){ref-type="ref"} Whether maternal sodium intake further influences the flavor of breastmilk and subsequent sodium preferences in childhood has yet to be established, but if introduction to solid foods includes high‐sodium choices, this can undermine adaptation to lower‐sodium diets.

Attempts to achieve reductions in dietary sodium intake in children have most often targeted schools,[29](#jch12615-bib-0029){ref-type="ref"}, [30](#jch12615-bib-0030){ref-type="ref"}, [45](#jch12615-bib-0045){ref-type="ref"}, [46](#jch12615-bib-0046){ref-type="ref"} which offer an important setting to introduce and reinforce the benefits of lowering sodium intake. One early study in a boarding high school involved a cross‐over design that not only achieved successful adherence to reduced sodium intake (based on 24‐hour urine collection), but further reported an unwillingness among the students to return to the original sodium level typically served in the school after only 3 weeks on the lower‐sodium diet.[47](#jch12615-bib-0047){ref-type="ref"} This study illustrates the feasibility and acceptability of reducing dietary sodium intake among children if presented in an ongoing and consistent manner.

Feasibility of Sodium Reduction in School Meals and Competitive Foods {#jch12615-sec-0013}
=====================================================================

The food industry has demonstrated progress in lowering sodium, and several major food companies are already offering products that meet the current school meals standards.[48](#jch12615-bib-0048){ref-type="ref"} Some of this progress has been achieved by simply reducing salt, with further reductions occurring as a result of innovation in food manufacturing technologies and culinary techniques.[49](#jch12615-bib-0049){ref-type="ref"} The broad variability of sodium content within similar food categories indicates that reduction to lower levels is feasible in at least some products. A recent survey showed a wide range of sodium content in the same branded foods across countries. Regional taste preferences may not be responsible for the variation in salt content, because no one country consistently had the highest‐sodium products.[50](#jch12615-bib-0050){ref-type="ref"}

Taste is an important driver of food choices, but it is well‐recognized that taste is a malleable trait. Although more sensory research would strengthen this conclusion, it is likely that children\'s preferences for salty foods will shift downward without loss of taste enjoyment if sodium in school meals is reduced in a gradual, stepwise fashion. Aided by technical assistance to help schools create meals that meet the sodium standards, the phased sodium reductions in the HHFKA are achievable.

The shift from Target 1 to Target 2 sodium levels in school lunches is approximately 300 mg per lunch across all grade levels, or 100 mg/y given that schools have three full school years to reduce from Target 1 to Target 2 levels. For reference, the amount of sodium in a single small pickle spear is approximately 300 mg. A reduction of 300 mg sodium per meal could also be achieved with a combination of food substitutions, such as using an unbreaded instead of a breaded chicken patty on a sandwich and seasoning rice with herbs and spices instead of salt. Additional suggestions for food substitutions are illustrated in an American Heart Association infographic.[51](#jch12615-bib-0051){ref-type="ref"}

Leading contributors to sodium intake (such as pizza and breads/rolls) are also leading contributors to energy intake among children. Hence, strategies to reduce intake of these foods and/or replace them with lower‐sodium versions or potassium‐rich fruits and vegetables could have a positive impact on a spectrum of health issues, from elevated BP to childhood obesity. Furthermore, sodium reduction is not an isolated recommendation. It is an important component of a healthy dietary pattern exemplified by the nutrition standards described in the HHFKA. The foods that comprise the diets aligned with this pattern will not only have less sodium, but they are expected to have more potassium, magnesium, and calcium than standard American diets.

Challenges of Prevention Research in Children {#jch12615-sec-0014}
=============================================

Prevention research in children is challenging. In observational studies, it is difficult to accurately and precisely measure lifestyle factors related to diet and physical activity. This is particularly the case for sodium,[52](#jch12615-bib-0052){ref-type="ref"} in which children or their adult proxies self‐report dietary intake. The attendant result can be spuriously null findings, as recently reported.[53](#jch12615-bib-0053){ref-type="ref"} Likewise, it is difficult to achieve a substantial contrast in dietary sodium intake in behavior intervention studies in children. Controlled feeding studies in children provide a powerful means to achieve a large experimental contrast but are logistically challenging, expensive, and inherently brief. Finally, trials with hard clinical outcomes are impossible to conduct in children, an issue common to all lifestyle interventions, not just sodium reduction. Indeed, there are no trials that have documented benefits of weight loss, smoking cessation, and increased physical activity on hard outcomes in children or even adults.

Summary and Conclusions {#jch12615-sec-0015}
=======================

The antecedents of elevated BP and other chronic diseases begin early in life, as do food preferences. Given the vast scope of the hypertension epidemic and its adverse health consequences, the most appropriate approach to halt this epidemic should include prevention strategies that target children. Available data are sufficiently strong to recommend a reduced sodium intake as an effective and well‐tolerated approach to lower BP. Indeed, findings that higher levels of BP are associated with subclinical target organ damage in childhood, track into adulthood, and predict adult subclinical target organ damage strongly support the need to implement strategies for reducing sodium intake in the first 2 decades of life. Rather than repealing public health efforts to lower sodium in school meals, we must redouble our efforts that ultimately should improve our children\'s health and the health of our nation.
